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Translation of the description of JP-A 4-287820 

(43) Date of publication: 1 3 October 1 992 

(21) Serial number: JP 3-52060 

(22) Date of application: 1 8 March 1 99 1 

(54) Title: Exhaust gas emission control system for internal combustion engines 
(57) Summary 

Objective: early removal of hydrocarbons (HC) from the exhaust when the engine is still 
cold. There is a simultaneous attempt to reduce the CO and NOX content of the exhaust with 
a three-way catalyst. 

Features: An auxiliary catalyst 1 1 with low oxygen storage capacity is provided at the 
entrance to each branch 5 of the exhaust manifold 4. The main catalyst, in the form of a 
three-way catalyst, is placed at the collecting section 22. A lambda probe 9 is placed between 
the two catalysts 1 1, 6. A secondary air suction pipe 16 is provided at the exhaust channel 2 
to promote activation of the oxidation catalyst. 

Claim 

1 Exhaust- gas emission control system for internal combustion engines, 
characterized in that it is equipped with 

auxiliary catalytic converters formed of oxidation catalysts at each 
inlet to a branch of the exhaust manifold, 

a main catalyst which is placed in the exhaust line after the collecting 
section of the exhaust manifold, 

a sensor for the air/fuel ratio, placed between the main catalyst and the 
auxiliary catalytic converters, 

a control mechanism for the air/fuel ratio, which controls the air/fuel ratio 

in the engine in the basis of the signal from the air/fuel sensor, and 

a secondary air induction pipe, which is in operation only when the engine 

is still cold and which conducts secondary air past the auxiliary catalytic 

converter. 



Detailed description of the invention 
0001 

Area of industrial application 
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The present invention concerns an improvement for exhaust gas emission control systems 
for internal combustion engines, which removes hydrocarbons, nitrogen oxides and other 
pollutants by means of a combination of control of the air/fuel ratio with a three-way 
catalyst. 



0002 
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State of the technology 

It has for some time been common to use exhaust gas emission control systems in which a 
catalytic converter with a three-way catalyst is provided in the exhaust line and in which the 
air/fuel ratio is adjusted approximately to its stoichiometric ratio by means of a closed control 
system using a sensor for the air/fuel ratio so as to reduce simultaneously the HC and NOX 
contents of the exhaust gas. The catalytic converter mentioned above is usually placed in the 
underbody of the automotive vehicle or at the outlet of the exhaust manifold. But because this 
arrangement requires some time for the catalyst to heat up, it is not possible to accomplish early 
removal of hydrocarbons when the engine is cold, at which time the hydrocarbons form 
particularly easily. 

0003 

Therefore there are suggestions in the literature (such as in the patent JP-A 56-23509 and the 
utility patent disclosure JP-U 63-130613) for speeding up the heating of the catalyst by placing 
catalytic converters with small volumes at the inlet sections of the individual branches of the 
exhaust manifold. 

0004 

However, it is difficult in practice to apply this design to exhaust gas emission control systems in 
which three-way catalysts are combined with control of the air/fuel ratio, because there is not 
enough space ahead of the catalytic converter to place a sensor for the air/fuel ratio. It is 
practically impossible to control the air/fuel ratio if the sensor is placed after the catalytic 
converter, made as a three-way catalyst, because the residual oxygen concentration in the exhaust 
gas fluctuates substantially after the exhaust gas passes through a three-way catalyst due to the 
oxygen-storage capacity of three-way catalysts. Also, because of the low heat resistance of three- 
way catalysts, it is not desirable to place them near the exhaust duct. 

0005 

Means for attaining the objective 

For these reasons, the present invention provides for simultaneous use of oxidation catalysts with 
low oxygen-storage capacity and three-way catalysts, such that elimination of HC before engine 
warm-up and oxidative and reductive treatment of CO and NOX after warm-up are properly 
distributed. The exhaust gas emission control system for internal combustion engines is thus made 
up of auxiliary catalytic converters made up of oxidation catalysts, with one at each inlet to a 
branch of the exhaust manifold, a main catalyst placed in the exhaust gas line after the collecting 
section of the exhaust manifold, a probe for the air/fuel ratio placed between the main catalyst and 
the auxiliary catalytic converters, a closed loop control system for the 
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air/fuel ratio which controls the air/fuel ratio in the engine on the basis of the signal from the air/fuel ratio 
sensor, and a secondary air induction pipe which is operated only when the engine is still cold and which 
conducts secondary air past the auxiliary catalyst. 

0006 

Manner of operation 

0 

Three-way catalysts must have a high oxygen storage capacity so that they can be active in both oxidation 
and reduction, while oxidation catalysts do not, in principle, require a high oxygen storage capacity. 
Catalytic converters with low oxygen storage capacity can be made, for example, by reducing the content 
of cerium (Ce) in the active catalyst layer on the catalyst support. The structure of the exhaust gas emission 
control system described above makes control of the air/fuel ratio possible by use of air/fuel ratio sensors 
after the engine has warmed up, in which case the oxidation of CO, etc., and the reduction of NOX are 
accomplished by the three-way catalyst positioned farther along in the exhaust gas system. In addition, 
elimination of HC while the engine is still cold begins immediately after starting because the auxiliary 
catalytic converters, comprising oxidation catalysts, heat up rapidly, and the activation of these catalysts is 
also promoted by introduction of secondary air. 

0007 

Example embodiment 

An example embodiment according to the invention is described in detail here, with reference to the 
drawing. 

0008 

Figure 1 shows the design of an example embodiment of an exhaust gas emission control system according 
to the invention. In the drawing, 1 indicates a cylinder head of an internal combustion engine, 2 indicates 
the exhaust duct formed in this cylinder head 1, and 3 indicates an exhaust valve. 

0009 

An exhaust manifold 4, having multiple branches 5 of heat-resistant stainless steel pipe, is connected to the 
side of the cylinder head 1 . A connection flange 6 is mounted to the side of the cylinder head 1 by bolts, 
not shown, through a seal 7, and the outlet ends of the branches 5 are led together into an exhaust gas duct. 
The main catalyst 6 is mounted to this collecting section 22. This main catalyst 6 is made as a three-way 
catalyst in the form of a support (such as a monolithic ceramic support or a metal plate coiled into a 
metallic support) with the catalytically active metal placed on it. The main catalyst 6 is placed in a housing 
8, with a damping material 7 comprising ceramic fibers placed between the outer surface of the catalyst 6 
and the housing 7 [sic]. A lambda sensor 9, for example, is placed in the dome-shaped inlet region 6a of 
the main catalyst 6 as a sensor of the air/fiiel ratio. The lambda sensor 9 has, 
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as is well-known, a characteristic such that the electrical voltage, as a function of the residual 
oxygen concentration in the exhaust gas, changes suddenly with the stoichiometric air/fuel ratio 
as the limit. The signals from the lambda sensor 9 are inputs to a microcomputer system which is 
the basis of an open-loop or closed-loop control system 10 in which the output signals from the 
lambda sensor are compared with preset threshold values to determine whether the mixture is rich 
or lean. The amount of fuel injected through a fuel valve, not shown, is controlled by a pseudo-PI 
[proportional-integral] control system according to whether the deflections are toward lean or 
rich. In this way the air/fuel ratio is controlled to about its stoichiometric value. The air/fuel ratio 
is otherwise controlled only under definite operating conditions, so that in fact the adjustment of 
the air/fuel ratio changes to a controlled adjustment if, for instance, the lambda sensor 9 is 
inactive at low temperatures or if more fuel is needed at high speed and high load. 

0010 

Auxiliary catalytic converters 1 1 comprising small volumes of oxidation catalysts are placed at 
the input region of each branch 5 of the exhaust manifold 4. Monolithic ceramic supports are used 
for these auxiliary catalytic converters. Surrounded by damping material 12, they are held in the 
housing 13 of the exhaust manifold. A ring-shaped damping material 14, 15 of stainless steel wire 
or of heat-resistant alloys (such as Inconel) is placed before and after each support. Grid-like 
arrangements of narrow channels are formed in the monolithic ceramic supports. These grids are 
designed with a relatively coarse mesh, having a specified cell number of about 25 to 100 per 
square inch to avoid much pressure loss in the auxiliary catalytic converters 1 1 . 

0011 

A secondary air induction pipe 16 is connected to the exhaust duct 2 ahead of the auxiliary 
catalytic converter 11, with an air pump 17 connected ahead of it. A magnetic valve 18 to block 
off the secondary air, and a check valve 19 to protect against backflow of the exhaust gas, are 
placed between the air pump 17 and the secondary air induction pipe 16. An air filter is also 
placed on the suction side of the air pump 1 7. The air pump 1 7 and the magnetic valve 1 8 are 
controlled by the open-loop or closed-loop control unit 10 such that secondary air is allowed in 
only if the engine is still cold. Specifically, secondary air is allowed in if the coolant temperature 
determined by a temperature sensor 21 is less than a set vilue of 40 °C to 80 °C. 

0012 

Because of the features of this example embodiment, the small-volume auxiliary catalytic 
converters 1 1 at the outlet of the exhaust duct 2 heat up rapidly. In addition, their activation is 
promoted by letting in secondary air, so that the hydrocarbons, HC, formed in substantial amounts 
at low engine temperatures, are oxidatively degraded soon after starting the 
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engine. That means that the removal of HC from the exhaust gas occurs shortly after a cold start 
of the engine. If the engine is still cold, the air/fuel ratio is not adjusted by the closed-loop air/fuel 
ratio control using the lambda sensor 9. Instead, the adjustment is accomplished by open-loop 
control. 

0013 

When the engine coolant temperature reaches a preset temperature, entry of secondary air is 
adjusted. At about the same time, the closed loop air/fuel ratio control using the lambda sensor 9 
begins, controlling the air/fuel ratio to a value near the stoichiometric air/fuel ratio. Situations in 
which, for example, operation is at high speed and high load, are exceptions. As in this phase the 
main catalyst 6 placed at the collection section 22 of the exhaust manifold 4 is activated by 
sufficient heating, oxidation of CO, among other materials, and reduction of NOX occur in it at 
high efficiency. Of course, part of the CO (and other pollutants eliminated by oxidation) have 
already been eliminated in the preceding auxiliary catalytic converters 6. The lambda sensor 9 is 
placed after the auxiliary catalytic converter 6 because oxidation catalysts with low oxygen 
storage capacity are used here, with their oxygen storage capacity remaining low, so that delayed 
response of the lambda sensor 9 is hardly a problem. Thus the air/fuel ratio can be controlled with 
high precision, allowing efficient exhaust gas emission control by the three-way catalyst. The 
extent of reductions in performance in the auxiliary catalytic converters 6 caused by thermal stress 
remains relatively small because the oxidation catalysts have better heat resistance than do the 
three-way catalysts. That assures that the auxiliary catalytic converters will have sufficient life. 

0014 

Practical production of the auxiliary catalytic converter 6 described above is discussed in the 
following. 

0015 

First, a catalyst support of Mullite and iron oxide, containing aluminum titanate, is produced in 
the form of a grid with narrow channels. As noted above, this support has 25 to 100 channels per 
square inch. Cordierite can also be used in place of aluminum titanate. 

0016 

An a or 0 aluminum oxide powder to which small amounts of barium and/or lanthanum have 
been added is used to produce the coating to be applied to the surfaces of the support. The cerium 
content in the coating materials must be extremely low, specifically, not greater than 20 
grams/liter. Cerium does improve the heat resistance, but is also increases the oxygen storage 
capacity. Thus the oxygen storage capacity can be held to a low level by setting the cerium 
content to a very low level. Barium and lanthanum counteract the loss of heat resistance linked 
with reduction of the cerium content. 
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0017 

After platinum and palladium are incorporated as catalytic metals into the coating material, which 
comprises predominantly a or 9 aluminum oxide powder, it is processed into a slurry. Platinum 
and palladium can also be used alone as catalytic metals. 

0018 

Then the support surfaces are coated with the coating material which has been made into a slurry. 
After drying, the support is calcined at a high temperature, at least 900 °C. Calcining at a high 
temperature causes a further reduction in the oxygen storage capacity. 

0019 

If a coating material comprising predominantly a or 9 aluminum oxide is used, as discussed 
above, the baking can also be done at a relatively low temperature, such as about 500 °C. If, on 
the other hand, a-aluminum oxide powder is used as the principal component of the coating 
material, the baking must be done at a high temperature of at least 900 °C because of the 
reduction in specific surface of the a-aluminum oxide powder linked with the calcining. 

0020 

Advantages of the invention 

As described in the discussions above, exhaust gas emission control systems for internal 
combustion engines having oxidation catalysts placed at the input regions of the branches of the 
exhaust manifold, and having introduction of secondary air, allow rapid removal of HC from the 
exhaust gases at low engine temperatures. Also, after the engine has warmed up, combination of 
three-way catalysts with control of the air/fuel ratio achieves efficient reduction of CO and NOX. 
As the catalyst is an oxidation catalyst placed ahead of the exhaust manifold, the oxygen storage 
capacity is reduced, so that the air/fuel ratio can be determined with an air/fuel ratio sensor after 
the catalyst. In addition to that, the heat resistance of the catalysts is assured in a simple manner, 
so that adequate life of the catalysts is achieved. 

Simple explanation of the drawings: 

The drawings show the structure of an example embodiment of an exhaust gas emission control 
system according to the invention. 

Reference numbers: 
2 Exhaust duct 

4 Exhaust manifold 

5 Flange section 



6 Main catalyst 

9 Lambda sensor 

1 0 Open or closed loop control unit 

1 1 Auxiliary catalytic converter 

1 6 Secondary air induction pipe 

17 Air pump 

22 Collecting section 



